Summary sentence: Pro-inflammatory cytokine output in response to multiple TLR ligands was decreased in the preterm compared to the term placenta but gene expression for each TLR tended to be similar. 
decreased in the preterm compared to the term placenta but gene expression for each TLR 23 tended to be similar. Reduced cytokine production by the preterm placenta in response to 24 stimulation of TLRs therefore must be regulated at the post-transcriptional level in a 25 gestational age dependent manner. Cytokines and chemokines have a role in the normal physiological processes of pregnancy 36 including parturition. IL-1β, IL-6, IL-8 and TNFα among others are produced by gestation-37 associated tissues both constitutively and/or in response to insult (1, 2) . This has led to interest 38 in the mechanisms of cytokine production in these tissues, with signalling pathways of the 39 innate immune system that produce a defined cytokine output postulated as central to this (3). 40
Toll-like receptors (TLRs), a family of pattern recognition receptors (PRRs), link microbial 41 agonists to the production of inflammatory mediators. In humans, ten TLRs (TLRs 1 -10) have 42 been identified (4). TLRs could provide a mechanism of cytokine production at the maternal-43 fetal interface in not only normal physiological aspects of pregnancy but also in various 44 pathological states of pregnancy such as infection associated preterm labour (3, 5) . 45 46 The placenta has been called a pregnancy-specific component of the innate immune system 47 because it constitutes a physical and immunological barrier against invading infectious agents; 48 the activity of TLRs and other PRRs within cells of the placenta would support such a role. 49
Transcripts for TLRs 1-10 have been demonstrated in both the term and preterm human 50 placenta and isolated cytotrophoblast and syncytiotrophobasts (6, 7). Trophoblastic 51 choriocarcinoma cell lines express TLRs 1-10 and several co-receptors and accessory proteins 52 (8). Functional activity of TLR2, TLR3 and TLR4 has been reported for first and third trimester 53 trophoblast/placenta (9-12) and choriocarcinoma cell lines are responsive to ligands for TLRs 2, 54 3, 4 and 9 (8). Other cell types within the term placenta including Hofbauer cells express TLR2, 55 TLR3 and TLR4 mRNA and/or protein and have functionally active TLR3 and TLR4 (13, 14) . There 56 is temporal variation in the expression of TLRs in the placenta: both first trimester primary 57 trophoblast and trophoblast cell lines express TLRs 1-4 but not TLR6 which is expressed in third 58 trimester trophoblast (9, 15), while TLR4 expression is higher at term than during the first 59 trimester (16). 60
61
Globally around 10% or babies are born prematurely. There are three main antecedents of PTB: 62 30 -35% maternal or fetal indications, 40 -45% spontaneous preterm labour with intact 63 membranes, and 20 -25% preterm premature rupture of the membranes (PPROM): the latter 64
Materials and Methods 93
Characteristics of preterm samples 94 Placentas were obtained following preterm labour at varying gestations, ranging from 25 weeks 95 to 36 weeks (n=15; Table 1 ). The 10 cases which delivered vaginally after spontaneous onset of 96 labour had no evidence of preeclampsia, intrauterine growth restriction or other obvious 97 materno-fetal reasons but evidence of infection was found in all but one either in the form of 98 histologic chorioamnionitis, positive swabs, urine examination or blood markers of infection 99 (Table 1) ; all women had received steroid injections as part of their clinical care. None of these 100 women were known to have any autoimmune or other immunological disorders. These cases 101 (n=10) (IA-PTL) have been included in this study. Gestational age was calculated by ultrasound 102 or by the first day of the last menstrual period. Women were approached either at admission in 103 early labour or soon after delivery in full liaison with the midwives. Term samples were from 104 women who delivered vaginally after spontaneous onset of labour and after 37 completed 105 weeks of gestation. All women delivering preterm had received steroids prior to delivery as 106 part of their clinical therapy for preterm labour; women delivering at term had not. All women 107 gave informed written consent and Wales Research Ethics Committee 6 approved the study. 108
109
Placental explant culture 110 All placentas were weighed and then explant cultures were prepared as described [23] . Briefly, 111 the overlaying decidua basalis on the maternal side of the placenta was removed and 1 cm ). Pieces 116 of minced placental tissue (0.5 g in total) were transferred into each well of a 6-well tissue 117 culture plate (Greiner Bio-one, Germany) containing 2.5 mls of Ultraculture medium (Cambrex, 118 Belgium) supplemented with 2mM Glutamax (Life Technologies) and 100 U/ml Penicillin G, 100 119 µg/ml streptomycin sulphate and 0.25 µg/ml amphotericin B (PSF; Life Technologies). Care was 120 taken to avoid any blood clots or fibrous tissue. 121
122
Optimal levels of all agonists were determined for the following final concentrations: 123 peptidoglycan (PGN; TLR2, 3 µg/ml); poly I:C (TLR3, 25 µg/ml); LPS (TLR4, 100 ng/ml); flagellin 124 (TLR5, 100 ng/ml); R848 (TLR7/8, 100 ng/ml); loxoribine (TLR7/8, 100 µM); single stranded 125 polyU/LyoVEC complexes (ssPoly, TLR7/8, 1 µg/ml); ODN2216 CpG (TLR9, 1 µM) and control 126 ODN (all from Invivogen). An unstimulated control was always included. Plates were incubated 127 at 37°C in 5% CO 2 for 24 hours. Cell/tissue free culture supernatants were collected by 128 centrifugation and stored at -20°C until assayed. were selected as they are the most stably expressed in the human placenta (29). Primer 153 sequences and the specific conditions particular to each PCR are listed in Table 2 with further 154 details as described previously (6). 155
156

Enzyme linked immunosorbent assay (ELISA) 157
TNFα, IL-6, and IL-10 in supernatants from placental explant cultures were measured using 158 commercial ELISA kits according to the manufacturer's instructions (OptEIA; BDBiosciences). The 159 sensitivity of each of the ELISAs varied between 1 and 4pg/ml and the intra-and inter-assay 160 coefficients of variation were <10%. 161 162
Statistical analysis 163
The Mann Whitney U test for two independent samples was used to compare TLR expression 164 TLR5 and TLR7/8 ligands were significantly reduced in the preterm compared with the term 238 laboured group. TLR9 activity was not detected in either group. Despite these functional 239 differences on comparison with the term group there were no differences in the levels of 240 mRNA for any of the TLRs studied. This is similar to our results obtained for term laboured 241 placentae versus term non-laboured placentae, in which there was no apparent correlation 242 between functional output and mRNA levels for any of the TLRs (6). These results suggest that 243 TLR protein expression should be studied in greater detail and/or that negative regulators of 244 One of the challenges of undertaking studies such as this in humans is that samples tend to be 254 only accessible once labour is completed (although this might not be the case in emergency 255 caesarean sections). Consequently, results obtained using the samples for this study might not 256 be representative of the response occurring in utero prior to or earlier in labour. All but one of 257 the preterm deliveries had evidence of infection so the possibility that previous stimulation of a 258 TLR (i.e. in utero) might down-regulate secondary responses (i.e. in vitro) was considered. This 259 could be because of exhaustion or down regulation of the relevant TLR pathways in vivo as a 260 result of response to the presence of infection. Pre-exposure to LPS is known to reduce the 261 level of response upon secondary exposure to LPS, a process known as endotoxin tolerance 262 (36, 37). Endotoxin tolerance is a well-known phenomenon, described both in vivo and in vitro, Women in preterm labour are treated with various pharmacotherapies to try and halt 275 premature labour (tocolytics) but also to prepare the baby for premature delivery 276 (corticosteroids). As corticosteroids are known to down-regulate inflammatory responses (38, 277 39) the possibility that corticosteroids might explain the findings was considered. Constitutive 278 and TLR ligand-stimulated IL-6 was reduced in the presence of dexamethasone for all TLR 279 ligands so prior exposure to steroids in the preterm group could contribute to reduced TLR 280 function in these samples. However, as decreasing gestational age seems to associated with 281 decreasing TLR-stimulated cytokine output, even with corticosteroid exposure, it is likely that 282 gestational age is the overriding factor modulating the placental inflammatory response. This 283 needs to better understood if we are to elucidate the role of the inflammatory response in 284 preterm labour. 285
While TLRs were the focus here, other families of PRRs have been described including NOD-like 286 receptors (NLRs), RIG-I-like receptors (RLRs), C-type lectin receptors (CLRs) and cytosolic DNA 287 sensors (CDS), that may contribute to the mechanisms of cytokine production at the maternal-288 fetal interface (5). However, to date only NLR activity has been examined in the placenta with 289 both NOD1 and NOD2 expressed in the first trimester placenta where they are localised to the 290 syncytiotrophoblast and cytotrophoblast; only NOD1 is expressed in term trophoblast cells (40, 291 41) . This corresponds to the functional outputs of first versus third trimester trophoblast cells; 292 first trimester cells respond to both iE-DAP (γ-D-Glu-mDAP; NOD1 ligand) and MDP (muramyl 293 dipeptide; NOD2 ligand), while third trimester cells only respond to iE-DAP (42) which can 294 induce preterm delivery in a murine model (43). Certain NLRs with ASC (apoptosis-associated 295 speck-like protein containing a CARD) and caspase-1 can form the inflammasome for the 296 processing and secretion of . Several of these NLRs, including NLRP1, NLRP3 297 and NLRC4 are expressed in first trimester cytotrophoblasts with their expression enhanced 298 and IL-1β induced in the presence of LPS (45). 299
This work clearly demonstrates that the human preterm placenta expresses functional TLR2, 3, 300 4, 5, and 7/8. However contradictory to the assumption that infection-associated preterm 301 labour would be associated with enhanced cytokine levels secondary to its infection related 302 etiology, we found reduced cytokine output in the preterm samples in comparison to term 303 samples. This does not appear to result from a mechanism similar to endotoxin tolerance and 304 whilst it could reflect exposure to steroids this reduced output by the preterm placenta might 305 also be due to over expression of TLR inhibitors or post-transcriptional modification of TLR 306 expression. Unfortunately, samples of placental membranes were not included in this study but 307 the response by them might differ to that by the placenta. IL-6 (pg/ml; mean ± SEM) by gestational age groups: < 32 weeks (n = 4), 32 to <37 weeks (n = 6), and >37 weeks (n = 12). Gestational Age IL-6 ng/ml / 0.2 g tissue Unstimulated LPS
